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W B EREHEEASHRENGS RS AR e, B TR SR DL cu”
R RN, R XA E M AT (Generalized likelihood uncertainty estimation, GLUE) 351
AN KSAME (Maximum Nash-Sutcliffe, MNS) &6 =g 81855, BRI T HUE REMATHRHREEE SRR
Wtk Z9R, LR/ 3k (Nonlinear least squares, NLLS) 733IfnE— “Hik” SEHEX Cu”
7 2R LA R R AR ST (R®>0.937), (HDH “ 2[Rk, JoidZ) im 7 45 5 MR e M . GLUE U mT BA R 75 5t
B2 K e T S L IS SE M, MNS SRS 84140 Cu™ IR 204 R?>0.937, U5 NLLS 4Lk
GEEREE . GLUE {51 95%E (5 X M & i 7 80% LA LWLl 5 (NLLS A 46.3%), HIRiESHIE
B B I K T NLLS 2R . FEARLTY 25 50 K i 7 5 AN 78 14 23 8T R 5 T GLUE 738 NLLS 5.

KPR PSR SEUR: TOURURA L E AT (GLUBD 5 e M AT

FEZES S152 NEFRRE A

SHR-TREC T FE (Convection-dispersion equation, CDE) ] F T ALV i i 25 B A 4FAE
TR AL L AN TR P AT LU, 2w A IO 3A L A s g R e A 2 —
M TS RIS R AT (1) GBS 4 AR ECRENSS) AAE R I AR R e sl R Aol i, 38 X LA I
Ao S BT R I 5 o I MU e e e KR R s KA S A Ak £ B 8, 2N CDE
g R S ) R R . AR G S E AL T T SRR /D —3Rki%E (Nonlinear least
squares, NLLS). @i-2-1ii (Gauss-Newton) ™. MR JE 4%, (H3X B 77925 5 BN J5)
AR, TEEERNXT R B AT SRS R AT E b, £ e BRI T
TR T — 0 AN e 5 T L (K S
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D EATFAREIE RS 2) BRI ERS A 3) LA RMTARIEREZE": 4
AE RS ATENM. B, AR GLUE JiiE R HUME S CDE Hi R S50 R AR il
EERIIAHENE, B VBUEA I Z R RS PR € S5 .

1 PR ik

1.1 R38Rt

TRLG BT FH A 3R B b E R B ds ol AR 2 KAk 56 vk (114.51°E~ 114.60°E, 34.98°N~
35.06°N) , NEH AL E I ALE 1. BRE R, LI GEEGD b iE
+ (0~20 cm). WP+ (20~40 cm) FIWPFEIEZE L (40~60 cm), FFMIHIRE =ANER, 9
ANtFE, SZIGFT B NS 15 cmy B4R 9 om (S A HLBEA: . SREERS, 76 Ak N EESR
PAVE LR, DA RFEBE 7 B0 JEUIREE I I IR o 8 SRR JROIR A [ — M st
BUE B LREAT i =, BTG FHBOGKIE{X (Mastersizer 3000, J% ) Wl & HLikZH
B, METENE A, BAVENE pH. HIEFEARERAL 5 Wk 1.

F 1 DIEEABMR

Table 1 Physical and chemical properties of soil sample

LGS LR Fiki Clay HHRL Silt bk Sand & Bulk density

Column  Soil texture (<0.002 mm) (%) (0.05~0.002 mm) (%)  (2~0.05mm) (%) (gem?) PH
a i+ 15.6 31.2 53.2 1.384 76
b it 6.5 8.3 85.2 1.439 7.3
c % R 202 19.1 60.7 1534 74

W R R SEE AR R ] 42 3%, A Note: Soil textures were classified according to the United States Department of

Agriculture. (DSandy loam, @Loamy sand, @Sandy clay loam. The same below
1.2 @it E LRI R EFRETE

#14% 5. 10, 15. 20. 25mg L™ f(URSER4R (Cu(NO3),) VW4 . 7E 50 ml (1850 4y
BN 2.00 g H3E, 0N 20 ml il L7 A IR BE o6 P PR RS BR AR VA, InZE &+t . THIRARIRY:
PAREREE 234°C, & 24 h. SRJSLL 4000 r min™ (15 B B0 30 min, G UESN B FIE R,
FH HL R 545 B 6% 4. (PerkinElmer Optima 8 000, 25 Wl & A it Cu* Wk . Nk
FEAHERE 3 NES, JHEE LA, RIS R TEr LI R, KA &R A
SR Cu B, FF AR RE I R A

KHIZR W B AR, 2 Xt =Fh st 3 e Cu® E St B Pk o6 10 B AT 9 & IR 3
SR R AL, HARWE:

R4y=1+pKy/6 (1D
A, Ry NP REG p N HIETAE, gem®; Ko NOBELREL Lmg™; o8 HEERRSGKE,

cm’em,
1.3 REKBREHIAE

BRI AE = MANE S (a b, b R, c WRMELD WA T IR
fRFFEIE 208 °C. AFEE B N L4, SR lfaemignt, A — ML
(Pore volume, PV) pH Jy5.5. ¥4 0.05 mol L™ ({iRALAT (KBr) #5M RIS, RIS
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SEPEE 30 he REFRIGSENEE, VARIBERIZRNGEE B pH N 3.5, #kJ% M 0.5 mol L™
(1] CUNOg), ¥ 1 PV, SRJEESMENL 30 ho HRERA A S E 4 RE. Himi+ Br
WPE PR Brife PRl T, Cu® MR IS F i RCUAR 0345 55 TR BRI (Agilent 7 700x, AR
D WE .

1.4 2575 %2

BRECEYE R, FRBOE AR A B S AR (RS A M) o 25 FE R MRS IR W B 1 — 4
FaSiE Fua® ] LLH CDE Kfik:
Rd§=Di“- = (2
b, Ry NPEMREG CAMMHTPIER IR, mogLh x FESS, cm: t WAL, min: u N
CI (uC) HREFZE, min?, B THOR B30 b 2 T — W B A A 223 8 v
HIFLBAGE, emmin™; D /KB RECER S, cm® mint.

1.5 NLLS F53%

NLLS 532 DA Sl i AN 70 S S0 1] P 42 22 1 07 R B /0N A e U S 1 ) e 28 i A A
S —MSEE % H TR &) BI3E T NLLS i 3895 Fa 7 2 50U s R e ot i 26 ]
#5286 S P K B9 CXTFIT. CXTFIT £ Levenberg- Marquardt 5035, 3 id DT Sl i 78 1%
ik (Breakthrough curve, BTC) KIEIREUARLL. FLBE/KMIESERIEHER S, I
VA5 IR A FEE I I [ R 2 1) £ AT AR o FLARAK B B R — S0 SR H SR 2 TR ) e R
BOR* B KAk FR2 PR (SSQ) /. HFREREC AU E RB R, T

oy T oy SsQ

=1- =1 = (3)
L(C-0? - XL(C-0?

b, oM 4 BRI (E R T B0 . OO A BRI I P38 (s n DS 00 A%, R4
BRI 1, RYIEHORMET .

1.6 GLUE F33%

GLUE JiiklE5 83 “mfl” X —BEWSSE, S8 7R — “mit” S8 &Rk
TR o 25 S8 BB SHOT e 2 (8] A8 AN B iR 22, R T FLIEUKIEREE (v) FIRTAEEL

2
908 Bl 5 R FL I A v 0.5V, ¢ mmin™, ki &% (D) 5y 0.0001~0.05 cm min™, B &%

(Ry) N 1.0~3.0, ILUHEERRH (W) FHN 0.001~0.1 mint. FHFRD KRS R T
AHST 5 RFESTE: (Latin hypercube sampling, LHS) 4 A BEHL S 5414

RIS S U, BRI R, — SRR RIS R 5eHiE v M1 D
PIANSH, SR ILE e LA S, Ak, AScdhst GLUE J59 KR 5 A BAN Y
B, BB I BRI B A A i e W I S 5 v R D B NS (v, D)
BEHLIEAC 100 LT LHS REEBRIN (Ry, w) FFHA, EREFHSELS (v, D, Ry
W

NITIES NLLS J74: bk, 1% Nash-Sutcliffe % (JERIWE 250 R®) 1E AR R EL,
ST B TR AR A S LR [ 40L& IR 5 R

D00y _ o
ST —R
200

R, LOINAZEAE i USRS 0, AZ 8L & | FEZ) j I B, mg L 6,

LOJY)-1- (4
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20 IR S, mg LY @, SRR S48, mg LY n s I A . w T 5E 35 I
WA RS S, AR R BUE Y 1. DMUSRME=0.9 NBIERX S HHE N “1THE”
(Behavioral set) B{ “JE4T A% ” (Non-behavioral set). S =ANEhrKE B E AL BRIk
(1] 959% B {2 [X 1] . 43 5 A F-HI R % [X ] K: £ (Average relative interval length, ARILOM 75 7¢ 95%
BAE XA U R EEB] (Poser) LA IR K e R%0fH (Maximum determination coefficient),
BN KBAR{E (Maximum Nash-Sutcliffe, MNS). ARIL #ikR -

ARIL=>3 25 (5)

Rot

X, Ly RTL 208 95%E (5 X AN A UM B RBR, mg LY n MBS %, R A
TR MWL, mg L™
Posci AU T :
Posc="22x100% (6
L, NQin ATETE 95% A X IA] P LI AN, n D9 Rl A4
MNS FIAH 1T

MNS=maxY, {R}=max ,L(6,|Y) (7

A, | AT RIS, N ON T2 R FEECE . BRI A 45 itk 47, ARIL {H$EIET
0, Pgsc BT 100% , MNS 3R T 1.

2 ZR51 R

2.1 NLLS S#hit R E{EREHL

FPHTA ARG Brfi thsk, FRIASE v M D, T /RER BrAS K EW Rl %
RVTTE SRS N, FEPRHE R B Re=1, VUIETUE R A% 1=0 min™. ZET NLLS Pty
X Braf 7 2 40l G 25 SO0 B R B R S B e REINAR 2. BHER 2 WL, NLLS Sy “ 5
7SRNG R RERE T 58 2k (BTC) AR AE, R* KT 0.98, ¥J5HE % % (RMSE)
<0.046.

BT Cu” iB I 4 M R Son BRI — 5, EME Cu™ giB ik, JhikfsE—
B BORBI v Al D R, O Ry Ml p BEATARAE, S5 WIPE 1 AR 20 BT, SA 2R g
{ELIEA T ULIIAR, X PT RE 2 BRI Dy A 5 38 B 2 [A] BT T A A B SR AL B T 8, 7T BB AR S8 A7
PR — BRI IR 2 SEA . M OR3P R P 0T 7 2 < R 8 s el e ot B0
AL o (EEARTT 5, R0 S5 SR AT S M ka3, R KT 0.93 H RMSE R H57F 107
B (R 2.
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Fig.1 Comparison between measured breakthrough curves ( BTCs) of Cu?"and non-linear least square (NLLS) fitted BTCs

£ 2 NLLS 3&%t Br #0 CU" B AL IUNAH “B” SHRUAHR
Table 2 Optimum parameters of NLLS fitting Br- and Cu?* BTCs and fitting effect

+Hgms R Br- cu®
Column  Soil texture v (cmmin™)®» D (cm®min™)? R? RMSE Ry? (min®)» R? RMSE
- 0.0334(0.0333,  0.0051(0.0046, 0.0063(0.0062,
a Wi+ 0.996 0.024 1.386(1.370, 1.403) 0.960 0.015
0.0336)? 0.0055) 0.0064)
_ 0.0321(0.0319,  0.0042(0.0035, 0.0031(0.0030,
b e 1© 0.987 0.046 1.034(1.016, 1.052)* 0.937 0.028
0.0323) 0.0049) 0.0032)*
~0.0308(0.0306,  0.0043(0.0038, 0.0038(0.0037,
c WL 0.995 0.029 1.203(1.184, 1.221) 0.954 0.016
0.0309) 0.0047) 0.0039)

FE: Y R BrR CuP IR ML PO B, 245 S BT RORKT RIS RN 95% B 5. vi Dy Re M1 u 43 B FR P HIFLER I

. RBCRE. HM R BRI R R R ARE R3G RMSE AR 2%, T IF Note: ¥ Parameters optimized in fitting

Br and Cu®" transport; 2 The figures in the parentheses stand for the 95% confidence intervals of the corresponding parameter; v, D,
Ry, and x stand for respectively average pore water velocity, dispersion coefficient, retardation factor and rate coefficient; R? for
determination coefficient, and RMSE for root mean square error. (DSandy loam, @Loamy sand, ®Sandy clay loam. The same

below
2.3 E—MEg GLUE /5758 fhit

P4 b (R 1D 19 Br ZiE LA N, KU GLUE ikl RiEgs R, K2 kg
— AN ERALSAT — RIS A, BT AT AR B e 82 ST 852 . AFR 8 X3k 10 000
RERFRY RIS, A 818 NS HAHGSMERE> 0.9, BAER “4THE”. HE 2 FIE 2
A, BORBUARE MNS=0.987 2 I 12 %% (v, D) = (0.0317 cm min™, 0.003 9 cm®*min™) ,
5 NLLS 15 20— “ 54 ” fi# (v, D) = (0.032 1cmmin™?, 0.004 2 cm?min™) , JEFHR.
H. NLLS 7341 R* 9 0.987 4, S5 KMURME (MNS) JUFHIF. ATLATIA, Z45RP R
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FEREZZ , RS AT Z , GLUE JFiEf3 21/ MNS 5 NLLS T kB3 201 “ il
fift” BT .

S2HYIEIEERE ML, “17NE” HSEIEEE R8N FEFLERRE v 1Y)
Q6 R B i HUAR S BB 43 5910249 [0.015 6, 0.046 8] cm min™. [0.028 6, 0.035 4] cm min™; TRELFR %L
D I 46F0 56 397 5 BB 36 43 %1)249[0.000 1, 0.050 0] cm? min™. [0.000 1, 0.022 1] cm? min™,
[X 8] 5 £ 43 3 46 /N T 55.0%7F1 55.8%. 1H NLLS J5iEmiE ) 95% &5 (£ 2) , Wk 2 ik
A5 B T PO 2R BERT IS, ATV BT 5 1 GLUE IS BBUE G R A2 1R £, i1 NLLS J7VE7E Bria
BB SHEN A “F2RM R, BESH v Ml D MEFRIZ /N FSbra #7352 1)
SHEH, PR S50 B0

1.000 - 1.000 -
A0 | .:.t
At LA
~ Folooe. o b T o S,
o 0975 | Je he g0l & 09075 & on Tl
~ LR - e’y ~ - &s N\ %
P PRI N SR )
T el v 9 ¥ PR
4 E 28 A :‘.“?V, El 2 T RN et :;}-&
®E CTen T e oy ®E . o Tean
=% e s et ol =5 .. S T N
2 . oo .. e . . 0 o
& g 09s0f PO BRI o ﬂE 09501 ys eat
~ = - . DO AT =3 S0 o
s " PAKTAE SR - > s, . . P <
&g o R & g L.
8 .°=' e 0yt n e o AN e & o 0
= M SR YELRAN = LR IR
2 o025 gl e T = ooos |t ¥ E
S oo 4 Chilm  Somplingd
I3 o ® : ‘.-"-; e oo
'4 . .-::.. .
. o 4
¢ ) * (94 |} oo T
Faam . ;e s * Ce et . o K
oo00L_®tel  Tate o T talm 0 %, 0900 L% LRI .
0.028 0029 0.030 0031 0032 0.033 0034 0.035 0.036 0000 0005 0010 0015 0020 0025
v (cm min™) D (cm® min™)

W GLUE AT SRR ANH e At i, s BT i 2 BN NLLS 57416 95% B (5. FIH Note: GLUE is the short for generalized
likelihood uncertainty estimation and the dashes at the top of the scatter diagram stand for 95% confidence limits determined by
NLLS. The same below

2 GLUE J7i5 343 iR (B R%6>0.9 1 v A1 D B
Fig.2 Dotty plots of v and D of R%,> 0.90 acquired by GLUE for bromide BTCs

2.4 ETMER GLUE FASHMA T RERHREN

5 I BOREIE GLUE ittt Cu® B M4k L A AT A M (UkAb 7 A4 b
N . 818 4HRE,>0.9 f “AT NEE” 43 HIFEHD 100 LLEilfr T #E 5 KAE (LHS) 752 KbE
FLZH RN 1, 2H % 81 800 N IS B A - iB VUGB AT AL, 1551 403 NS4 2H 4 /L RE>0.9,
Xt B S B EOS E A 3 BT » FoAh PR s i A 2 15 2 7 448 TN 648 L1 4T N,

H1P 3 AT, LR B RE, 5t KM 0.936 9, Xt RIS HL &4 (v, D, Ry, )= (0.034 9 cm min™,
0.005 3 cm® min™, 1.112, 0.003 2 min™). 55 B BLIT A IS5 v AT D ok 55 —BrBott Br i il
LA, R, XPIANS R 2 G 5 B 2 —80 (6 NLLS 1) 95% & (5. (HHES
T BRI AR (B 3 5FE B BAR. X2FN, S8 v M D Z M EAEHTE
BB S — B BUE M, 2R BB ARSI, R AR TR, e RSt B
M. S8 Ry BRI ZJa I H[1.0, 3.0]45/NA[1.001, 1.221], XEMRIEAX (1, HHEE]
(K AR T BTS20 (0 Ry= 1.251 thH 204530 2% u (AT #2523 8 11 [0.001, 0.010] min™ 4 /)
*4[0.002 6, 0.003 7] min™, [X [l % 43546/ T 89.0%H1 90.0%. 4R, HH—KrBEELL, X
BB AT 252 (1S 400 AT SR & i NLLS 757511 95% 8 {5 BR 8 5 (1) 5.84 51 5.50 fif. X —4&5
KW, G¥FE5 NLLS FREEIN “ RN 58 &R RS HA & X RIFHIBL Cu® 19is
Bid e #52, 76 NLLS HFfEE B EIRZ AN, THFERZ ISHA G2, Hrf
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B NSRBI IR . MAGE EWAI, ToE X LS — HSEE A 2 “ 7Sk
57, X IE AR T PR sk S D SRAEE AT E Ve — DN EE R . htkmTr W, A
NLLS ZAL 4 SR TR BN “ Setfid” 25 Ty ot it s 78 1 B8 vl REAEAEROR RS, DR I
AR T BRI E M . Zhang 25 FIAE S FARIEA GLUE J7ik RIS 48 7 /R Esva
HRABTRFHhARAE IR R, GRBRNESHAN TR PR KBRS IS
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)
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[olTe VESZ PE- e
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0915 |
0910}

0905F *°°
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RIS ) )
120 125 0.0025 0.0040

P& 3 GLUE $K/8HILURME R, >0.9 IS K ik 5 &
Fig. 3 Dotty plots of the parameters of R?c,> 0.90 acquired by GLUE fitting Cu breakthrough

GLUE J7 32 B4 JE R 22— 76 T B AUR s 5O R (0 W ™ X4y “AT A4
A AEAT AR B BRME L B AT AE S, (L b ik 45 2 J8E 37 7 0 A SRASE TR N fy A 2k
itz 0, FEARGRE G I . LSRR B RN R ik, ASHIE 7T R RSk B B S
NLLS 77 Bk e REA XL AAME, B B2 T NLLS A1 GLUE WA A 25 Bxf b . 34
Ky ST UM RE A BRI UAR R B S B T S 2 19GTE . 0 Zhang 257y 7 S AR R 78 2B
RIS ETIN T 2 MR RE, TR T ok i e S IR R . Freni 55
NP 22 PR S ARL SR BR A T T IR TV AR AR 45 TR AN R M R A EAT T AR IE . XL
Ft#R B, Nash-Sutcliffe ek %0 H T EdE A KR 75 22 48 B — S HO0 UL 45 SR 2 i i 4% 0L
MALIME AT IS 2 H S 7E R ARG R, Fe 5 AR R B A S .

2.5 BRI AR FRE M

54k b L, b a MR ¢ oRERAT CuP B RS RIG  4h S0 Bl 3 g 4 Frow. AT
PIEH, GLUE i€ vi Dy Ryv u HIEEXIAIEZE S NLLS K EE X BiHIE=F
e, NLLS (02508 X 1 T S2BR T B2 (0 S50 . 45 U NLLS B B S X
], K SFHREFENPEZSHA G EF
% 3 NLLS F1 GLUE SE{SEIRY Br THARESH K H 5% B EX 8]

Table 3 Parameter of the Brtransport model and 95% confidence intervals obtained using NLLS and GLUE
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TS i JiiE
v (cm min?) D (cm? min?) Ry u (min)

Column Soil texture Method
Wi+ NLLS (0. 0333, 0.0336) (0. 0046, 0.0055) — —
‘ Sandy Loam GLUE (0. 0294, 0.0378) (0.0010, 0.0323) — —
L NLLS (0.0319, 0.0323) (0. 0035, 0.0049) — —
i Loamy sand GLUE (0. 0286, 0.0354) (0.0001, 0.0221) — —
[ = NLLS (0. 0306, 0.0309) (0.0038, 0.0047) — —
¢ Sandy clay loam GLUE (0.0273, 0.0345) (0.0001, 0.0266) — —

T =7 RORKITSERE, LEEXIE. FIE Note: “—” means these parameters don’t fit
and no confidence intervals. The same below

Table 4 Parameter of the Cu?" transport model and 95% confidence intervals obtained using NLLS and GLUE

%<4 NLLS #0 GLUE REBFIN CU B BIERIS MK E 95% B 5X (]

kg S 35 Jii:
v (cm min™) D(cm? min™) Ry u (min®)

Column Soil texture Method
[ NLLS — — (1.370, 1.403) (0. 0062, 0.0064)
’ Sandy Loam GLUE (0. 0294, 0.0378) (0.0010, 0.0323) (1. 159, 1.770) (0. 0053, 0.0077)
e NLLS — — (1.016, 1.052) (0.0030, 0.0032)
° Loamy sand GLUE (0. 0286, 0.0354) (0.0001, 0.0221) (1.001, 1.221) (0.0026, 0.0037)
oREEL NLLS — — (1. 184, 1.221) (0.0037, 0.0039)
‘ Sandy clay loam GLUE (0.0273, 0.0345) (0.0001, 0.0266) (1. 414, 1.027) (0.0032, 0.0047)

GLUE 75751 . MNS 244 &5 NLLS“ e fh " S 8040 & B AL ol 45 SR an ] 4 B
H AT 40, 76 4 b 1, MNS 250404 (v, D, Ry, 1)=(0.034 9 cm min, 0.005 3 cm? min?, 1.112,
0.0032cm") 5 NLLS “fh” 28404 (v, D, Rg, ») = (0.032 1 cmmin®, 0.004 2 cm® min™,
1.034, 0.003 1 cm '), XHULIME ML AL, H R* 955 0.937, {H MNS 5 NLLS “&Hit” 1%
HHE A, RAAFRKISEA G LU BB R, | “RSRN” MR, 1E
A a Al A ¢ HMEAEM RIS . GLUE J5 923K EX 1 95% & A5 X [ NLLS J5 i 3RHU ) B A5
MRTEIR %, 78 25 I A5 LB Poscy BI3AIMEL A 84.30%, 1fii NLLS J57k NI A 46.05%, X3 H
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Fig. 4 Comparison between NLLS and GLUE used in predicting Cu* BTC in uncertainty
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Table 5 Quantification of the uncertainties in fitting Cu™ BTCs using NLLS and GLUE

TS s Y Tk
ARIL MNS Pasci
Column Soil texture Method

b+ NLLS 3.45 0. 960 28. 13%
: Sandy Loam GLUE 10. 24 0. 960 87.62%
e NLLS 397. 66 0.937 64. 00%
g Loamy sand GLUE 223.96 0.937 80.93%
hRhE L NLLS 5. 24 0.954 46.01%
‘ Sandy clay loam GLUE 4.79 0.953 84. 35%

7 ARIL S PN X T, Poscr A2 A7 X 18] P9 W0 A5 EL 5] Note: ARIL is the short for average relative interval length, and,

Pgsci stands for percentage of points covered by 95% confidence intervals
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Parameter Estimation and Uncertainty Evaluation of a Soil Solute
Transport Model Using GLUE

YAN Yifan? LI Xiaopeng® ZHANG Jiabao® LIU Jianli*t

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract [ Objective] Computer programs, such as CXTFIT, are commonly used to calibrate
soil hydraulic and transport parameters, such as dispersion coefficient and retardation factor. CXTFIT can
be used to fit observations quite well, which leave researchers in this aspect such an impression that the
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“optimum” parameter sets simulated with this program can be used directly for modeling prediction.
However, in the process of parameter simulation, inherent uncertainties do exist and are often
underestimated. The objectives of this study were to assess and even quantify the uncertainties that may
occur in parameter estimation using the convection-dispersion equation (CDE) and in adoption of the
parameters in modeling prediction with the non-linear least squares (NLLS) and generalized likelihood
uncertainty estimation (GLUE) methods. [Method] In this study, with the aid of CXTFIT, NLLS and
GLUE coupled with the Latin hypercube sampling strategy was used to fit concentrations of bromide and
copper nitrate in transport through three oil columns different in texture (i.e. Sandy loam, loamy sand and
sandy clay loam), separately. And the parameters were optimized and analyzed to quantify the
uncertainties that may occur in these processes by means of three quantitative metrics, that is, MNS
(maximum coefficient determination coefficient ), Pgsc, (the percentage of observations included within
the 95% confidence intervals) and ARIL (average relative interval length). [ Result] Results show that the
only “optimum” parameter set obtained with the NLLS technique fits the curve of solute outflow quite
well with determination coefficients (R?) all > 0.98 for fitting Br transport and > 0.937 for fitting Cu®*
transport, and with root mean square error lingering at the magnitude of 10, but it fails to cope with a
large number of equivalent parameters. R? being high in value only indicates the “optimum” parameter set
is a proper fit of observation, but it does not mean the “optimum” parameter set is the true characterization
of solute transport. The parameter set corresponding to the MNS of solute outflow fitted with can be used
to simulate the observation as well as NLLS (R?>0.937). But the value range of acceptable parameters
determined by GLUE are much wider than that of NLLS (the length of 95% confidence intervals of GLUE
is about more than 5 times as high as that of NLLS), which means that a large number of parameter sets
that are high in likelihood value fall outside of the 95% confidence intervals determined by NLLS. The 95%
confidence intervals of outflow concentration determined by NLLS covered 28.13%, 64.00%, and 46.01%
of the data observed separately in the soil columns different in texture, leaving almost half uncovered on
average, whereas those determined by GLUE did 87.62%, 80.93%, and 84.3%, separately, which indicates
that it is not a good choice to use NLLS to optimize parameters and uncertainties of the model output.

[ Conclusion] To put all into a nutshell, GLUE performs better than NLLS in both parameter and
response surface uncertainty analysis, for NLLS underestimates significantly the uncertainties in
estimation of major transport parameters. GLUE has a much wider acceptable parameter valuation range
and 95% confidence intervals for outflow concentration, which indicates that the “optimum” solution
acquired by NLLS does not show any robustness as the solution acquired by CXTFIT does. So the usage
of only “optimum” parameter sets to predict solute transport has to face high risk and high uncertainty.

Key words  Solute transport model; Parameter estimation; Generalized likelihood uncertainty
estimation (GLUE); Uncertainty analysis
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